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METHOD OF MANUFACTURING BOTTOM 
ELECTRODE OF CAPACITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufactur 
ing an integrated circuit. More particularly, the present 
invention relates to a method of manufacturing a bottom 
electrode of a capacitor of a DRAM. 

2. Description of the Related Art 
Typically, in order to meet the requirement of reducing the 

siZe of integrated circuits (ICs), a method used to increase 
the surface area of the capacitor on a substrate With a ?xed 
surface area is developed. The method is to form a hemi 
spherical grained (HSG) structure on the surface of the 
substrate to increase the surface area of the capacitor. A 
DRAM is taken as an example. When data are read by an 
ampli?er, the more the charges in the capacitor of the 
DRAM are, the smaller the interference cause by the noise 
is. Moreover, the frequency for refreshing the storage 
charges is greatly reduced. Commonly, the method for 
fabricating the hemispherical grains in the ICs manufactur 
ing process comprises forming a HSG layer on an amor 
phous silicon surface of a Wafer selectively. Since the 
hemispherical grains are selectively formed, those can be 
called selective hemispherical grains. 

FIG. 1 is schematic, cross-sectional vieW of a conven 
tional bottom electrode of a capacitor With a HSG layer. As 
shoWn in FIG. 1, an oxide layer 110 is formed on a substrate 
100 having previously formed ?eld effect transistors 104 by 
chemical vapor deposition (CVD). A node contact hole 112 
is formed to penetrate through the oxide layer 110 and 
exposing a portion of a source/drain region 108 of the ?eld 
effect transistors 104. A doped amorphous silicon layer (not 
shoWn) is formed over the substrate 100 and ?lls the node 
contact hole 112. The doped amorphous silicon layer is 
patterned to form a doped amorphous silicon layer 114 used 
as a bottom electrode of the capacitor. Aselective HSF layer 
116 is formed on the doped amorphous silicon layer 114 to 
increase the surface area of the bottom electrode. 

When the oxide layer 110 is formed by CVD, the oxide 
layer has many impurities such as hydrocarbon-bonds con 
taining impurities. These impurities easily volatiliZe in the 
subsequent high temperature manufacturing steps. When the 
impurity vapor volatiliZes from inside the oxide layer 110 to 
the surface thereof, outgassing happens. 

Typically, high vacuum conditions must be maintained 
during the formation procedure of the HSG layer 116. When 
outgassing occurs during the formation procedure of the 
HSG layer 116, the vacuum quality of the furnace or the 
reaction chamber isadversely affected. Therefore, it is dif 
?cult to perform the nucleation to form hemispherical grain 
s and the migration of the silicon atoms of the doped 
amorphous silicon layer 114 is also difficult. Hence, there are 
relatively feWer hemispherical grains and these hemispheri 
cal grains are relatively smaller. Therefore, the increase in 
surface area for the bottom electrode is limited. 

Additionally, after the HSG layer 116 is formed, the native 
oxide layer (not shoWn) formed on the HSG layer 116 and 
the amorphous silicon layer 114 is removed by hydro?uoric 
acid. Then, the steps of forming a dielectric layer (not 
shoWn) and forming an upper electrode are performed. In 
order to completely remove the native oxide layer, an 
overetching process is performed. HoWever, hydro?uoric 
acid also etches the oxide layer 110, so that a recess 118 in 
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the oxide layer 110 due to the overetching With hydro?uoric 
acid easily occurs. Therefore, the reliability of the device is 
decreased. Moreover, it has no restraining layer on the oxide 
layer 110 to resist charge migration along the oxide layer 
110. Therefore, a gate oxide layer (not shoWn) can easily 
capture the charges, so that the gate oxide layer decays. 

SUMMARY OF THE INVENTION 

The invention provides a method of manufacturing a 
bottom electrode of a capacitor to avoid outgassing and to 
improve the quality of the hemispherical grains formed on 
the bottom electrode. Additionally, by using the invention, 
the recess in the dielectric layer caused by the overetching 
process can be avoided. Moreover, the gate electrode can be 
prevented from collapsing. 

To achieve these and other advantages and in accordance 
With the purpose of the invention, as embodied and broadly 
described herein, the invention provides a method of manu 
facturing a bottom electrode of a capacitor. A ?rst dielectric 
layer is formed on a substrate. A cap layer is formed on the 
?rst dielectric layer. A second dielectric layer is formed on 
the cap layer. A node contact hole is formed to penetrate 
through the second dielectric layer, the cap layer and the ?rst 
dielectric layer. A liner layer is formed on a sideWall of the 
node contact hole. A restraining layer is formed on the 
second dielectric layer. A patterned conductive layer is 
formed on a portion of the restraining layer and ?lls the node 
contact hole. A selective hemispherical grained layer is 
formed on the patterned conductive layer. Since the cap 
layer is formed on the ?rst dielectric layer, the recess in the 
?rst dielectric layer caused by overetching Will not occur. 
Moreover, the cap layer can restrain charge penetration and 
charge migration along the ?rst dielectric layer, so that a gate 
electrode of a device can be prevented from collapsing. 
Additionally, because the material of the cap layer, the liner 
layer and the restraining layer can restrain outgassing from 
occurring at the ?rst and the second dielectric layers While 
the patterned conductive layer and the selective hemispheri 
cal grained layer are formed, the quality of the selective 
hemispherical grained layer is relatively good. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments of the invention and, together With 
the description, serve to explain the principles of the inven 
tion. In the draWings, 

FIG. 1 is schematic, cross-sectional vieW of a conven 
tional bottom electrode of a capacitor With a HSG layer; 

FIGS. 2A through 2E are schematic, cross-sectional vieWs 
of the process for manufacturing a bottom electrode of a 
capacitor in a preferred embodiment according to the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 
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FIGS. 2A through 2E are schematic, cross-sectional views 
of the process for manufacturing a bottom electrode of a 
capacitor in a preferred embodiment according to the inven 
tion. 
As shoWn in FIG. 2A, an isolation region 202 is formed 

on a substrate 200 to de?ne an active region of a device in 
the substrate 200. Field effect transistors 204 are formed in 
the active region. Each ?eld effect transistor 204 comprises 
a gate electrode 202 and a source/drain region 208. A 
dielectric layer 210 is formed over the substrate 200. The 
dielectric layer 210 can be formed from silicon oxide or 
borophosphosilicate glass (BPSG) by CVD, for example. 
Preferably, after the dielectric layer 210 is formed, it further 
comprises a planariZing process such as chemical 
mechanical polishing (CMP), Which is performed to pla 
nariZe the dielectric layer 210. 
As shoWn in FIG. 2B, a cap layer 212 is formed on the 

dielectric layer 210. A dielectric layer 214 is formed on the 
cap layer 212. The material of the cap layer 212 can resist 
outgassing generated in the subsequent process. 
Additionally, the etching selective ratios of the cap layer 212 
to dielectric layer 210 and the cap layer 212 to dielectric 
layer 214 are relatively good. Preferably, the cap layer 212 
can be formed from silicon nitride or silicon-oxy-nitride by 
CVD, for example. The thickness of the cap layer 212 is 
about of 50—200 angstroms. The dielectric layer 214 can be 
formed from silicon oxide or BPSG by CVD, for example. 
As shoWn in FIG. 2C, the dielectric layer 214, the cap 

layer 212 and the dielectric layer 210 are patterned to form 
a node contact hole 216. The node contact hole 216 pen 
etrates through the dielectric layer 214, the cap layer 212 and 
the dielectric layer 210 and exposes a portion of the source/ 
drain region 208. A conformal layer 218 is formed on the 
dielectric layer 214 and on the sideWall of the node contact 
hole 216 and on the portion of the source/drain region 208 
exposed by the node contact hole 216. 
As shoWn in FIG. 2D, a portion of the conformal layer 

218 is removed to expose the surfaces of the dielectric layer 
214 and the portion of the source/drain region 208 exposed 
by the node contact hole 216. The remaining conformal 
layer 218 left on the sideWall of the node contact hole 216 
is denoted as a liner layer 220. The material of the conformal 
layer 218, that is, of the liner layer 220, can prevent 
outgassing generated in the subsequent process. Preferably, 
the conformal layer 218 can be formed from silicon nitride 
or silicon-oxy-nitride by CVD, for example. The tempera 
ture for forming the conformal layer 218 is about of 
600—800° C. and the preferred thickness of the conformal 
layer 218 is about of 30—200 angstroms, for example. The 
method for removing the portion of the conformal layer 218 
includes a dry etching With etching gas CHF3 or etching gas 
NF3. 

Since the surface of the dielectric layer 214 can be 
densi?ed While the conformal layer 218 is formed at a high 
temperature, the purity of the surface of the dielectric layer 
214 can be improved. Additionally, the etching gas can react 
With the surface of the dielectric layer 214 to form a 
restraining layer 222 on the dielectric layer 214 While the 
portion of the conformal layer 218 is removed. The restrain 
ing layer 222 can restrain the dielectric layer 214 from 
outgassing. Preferably, a rapid thermal process (RTP) is 
performed in an ammonia-?lled environment to consolidate 
the quality of the restraining layer 222. The RTP can be 
performed at a temperature about of 800—900° C. for 30—120 
seconds, for example. 
As shoWn in FIG. 2E, a patterned conductive layer 224 is 

formed on a portion of the restraining layer 222 and ?lls the 
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node contact hole 216. The patterned conductive layer 224 
is used as a bottom electrode of a capacitor (not shoWn). The 
material of the patterned conductive layer 224 can be 
amorphous silicon or doped amorphous silicon, for example. 
The dopants in doped amorphous silicon can be arsenic ions. 
In this example, the method for forming the patterned 
conductive layer 224 comprises the steps of forming an 
amorphous silicon layer (not shoWn) on the restraining layer 
222 by CVD, Wherein the amorphous silicon layer ?lls the 
node contact hole 216. The amorphous silicon layer is 
patterned to form the patterned conductive layer 224 and to 
expose a portion of the restraining layer 222. Thereafter, a 
selective HSG layer 226 is formed on the surface of the 
patterned conductive layer 224. The selective HSG layer 226 
is used to increase the surface of the bottom electrode. 
Preferably, the method of forming the selective HSG layer 
226 comprises seeding nuclei on the surface of the patterned 
conductive layer 224. In this step, silanes used as gas sources 
are fed into the furnace or the reaction chamber, and the 
silicon in the silanes and the patterned conductive layer 224 
can be used as the nucleus seeds. After the density of the 
nuclei reaches a proper level, the gas source is no longer fed 
into the furnace or the reaction chamber and an annealing 
process is performed. Because the annealing process is 
performed, the silicon in the patterned conductive layer 224 
can migrate and concentrate to form the selective HSG layer 
226. Preferably, the seeding process and the annealing 
process are performed at a temperature about of 550—570° C. 
in the furnace or the reaction chamber. 

Thereafter, a native oxide layer (not shoWn) formed on the 
selective HSG layer 216 or on the surface of the patterned 
conductive layer 224 is removed by hydro?uoric acid. Then, 
a dielectric layer (not shoWn) and a conductive layer (not 
shoWn) are formed over the substrate 200 in sequence to 
?nish the process for manufacturing a capacitor. 

In the invention, the cap layer 212 is formed betWeen the 
dielectric layers 210 and 214. Since the etching rate of the 
cap layer 212 is different from those of the dielectric layers 
210 and 214, the cap layer 212 can protect the dielectric 
layer 210 from etching by hydro?uoric acid When the native 
oxide layer formed on the selective HSG layer 216 and the 
patterned conductive layer 224 is removed by the etching 
process. Hence, the recess in the dielectric layer 210 caused 
by overetching Will not happen. Moreover, the cap layer 212 
can restrain charge penetration and charge migration along 
the dielectric layer 210, so that a gate oxide layer of the gate 
electrode 206 Will not capture the charges. Accordingly, the 
gate electrode 206 can be prevented from collapsing. 

Additionally, the cap layer 212, the liner layer 220 and the 
restraining layer 222 are formed to cover the surfaces of the 
dielectric layers 210 and 214. Because the material of the 
cap layer 212, the liner layer 220 and the restraining layer 
222 can restrain outgassing from the dielectric layers 210 
and 214 While the patterned conductive layer 224 and the 
selective HSG layer are formed, the vacuum quality in the 
furnace or the reaction chamber is not impaired. 
Consequently, the hemispherical grains of the HSG layer 
224 are smaller, more densely placed, and substantially 
separate from each other. Hence, the capacitance of the 
bottom electrode of the capacitor is doubled by performing 
the invention. 

Altogether, the invention includes folloWing advantages: 
1. The invention can prevent the dielectric layer from 

outgassing. 
2. By using the invention, the hemispherical grains of the 
HSG layer are small, more densely placed, and sub 
stantially separate from each other. 
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3. The capacitance of the bottom electrode of the capaci 
tor is doubled by performing the invention. 

4. The invention can prevent the dielectric layer from 
forming recesses due to overetching the native oxide 
layer. 

5. In the invention, the cap layer can restrain the charge 
penetration and the charge migration along the dielec 
tric layer, so that a gate oXide layer of the gate electrode 
Will not capture the charges. Accordingly, the gate 
electrode can be prevented from collapsing. 

6. The invention can be used to perform highly integrated 
DRAM. 

7. The present invention and the conventional process 
techniques are compatible; thus the present invention is 
suitable for use in current manufacturing processes. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the structure of 
the present invention Without departing from the scope or 
spirit of the invention. In vieW of the foregoing, it is intended 
that the present invention cover modi?cations and variations 
of this invention provided they fall Within the scope of the 
folloWing claims and their equivalents. 
What is claimed is: 
1. A method of manufacturing a bottom electrode of a 

capacitor, comprising the steps of: 
forming a ?rst dielectric layer on a substrate; 

forming a cap layer on the ?rst dielectric layer; 
forming a second dielectric layer on the cap layer; 
forming a node contact hole to penetrate through the 

second dielectric layer, the cap layer and the ?rst 
dielectric layer; 

forming a conformal layer over the substrate by chemical 
vapor deposition; 

removing a portion of the conformal layer using an 
etching gas to form a liner layer on the sideWall of the 
node contact hole and to react With the second dielec 
tric layer to form a restraining layer on the second 
dielectric layer, simultaneously; 

forming a patterned conductive layer on a portion of the 
restraining layer and ?lling the node contact hole; and 

forming a selective hemispherical grained layer on the 
patterned conductive layer. 

2. The method of claim 1, Wherein the cap layer can be 
formed from silicon nitride by chemical vapor deposition. 

3. The method of claim 1, Wherein the cap layer can be 
formed from silicon-oXy-nitride by chemical vapor deposi 
tion. 

4. The method of claim 1, Wherein material of the 
conformal layer can be selected from a group consisting of 
silicon nitride and silicon-oXy-nitride. 

5. The method of claim 1, Wherein the steps of forming 
the liner layer and the restraining layer further comprise the 
steps of: 

performing a rapid thermal process in an ammonia-?lled 
environment to consolidate the quality of the restrain 
ing layer. 

6. The method of claim 5, Wherein the rapid thermal 
process is performed at a temperature of about 800—900° C. 

7. The method of claim 6, Wherein the rapid thermal 
process is performed at a temperature of 800—900° C. for 
30—120 seconds. 

8. The method of claim 1, Wherein material of the 
patterned conductive layer includes amorphous silicon. 
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9. The method of claim 1, Wherein the etching gas 

comprises CHF3. 
10. The method of claim 1, Wherein the etching gas 

comprises NF3. 
11. The method of claim 1, Wherein the step of forming 

the selective hemispherical grained layer comprises: 
performing a seeding process using silanes as a gas 

sources fed into a furnace or a reaction chamber to seed 

nuclei on the surface of the patterned conductive layer; 
and 

performing an annealing process Wherein the gas source 
is no longer fed into the furnace or the reaction cham 
ber. 

12. The method of claim 1, Wherein the seeding process 
and the annealing are performed at a temperature of 
550—570° C. 

13. A method of manufacturing a bottom electrode of a 
capacitor, comprising the steps of: 

forming a ?rst dielectric layer on a substrate; 

forming a cap layer on the ?rst dielectric layer; 

forming a second dielectric layer on the cap layer; 

forming a node contact hole to penetrate through the 
second dielectric layer, the cap layer and the ?rst 
dielectric layer; 

forming a conformal layer over the substrate; 

removing a portion of the conformal layer to form a liner 
layer on the sideWall of the node contact hole and to 
form a restraining layer on the second dielectric layer, 
simultaneously; 

performing a rapid thermal process in an ammonia-?lled 
environment to consolidate the quality of the restrain 
ing layer; 

forming a patterned conductive layer on a portion of the 
restraining layer and ?lling the node contact hole; and 

forming a selective hemispherical grained layer on the 
patterned conductive layer. 

14. The method of claim 13, Wherein the cap layer can be 
formed from silicon nitride by chemical vapor deposition. 

15. The method of claim 13, Wherein the cap layer can be 
formed from silicon-oXy-nitride by chemical vapor deposi 
tion. 

16. The method of claim 13, Wherein material of the 
conformal layer can be selected from a group consisting of 
silicon nitride and silicon-oXy-nitride. 

17. The method of claim 13, Wherein the rapid thermal 
process is performed at a temperature of about 800—900° C. 

18. The method of claim 13, Wherein material of the 
patterned conductive layer includes amorphous silicon. 

19. The method of claim 13, Wherein the rapid thermal 
process is performed at a temperature of 800—900° C. for 
30—120 seconds. 

20. The method of claim 13, Wherein the step of forming 
the selective hemispherical grained layer comprises: 

performing a seeding process using silanes as a gas source 
fed into a furnace or a reaction chamber to seed nuclei 
on the surface of the patterned conductive layer; and 

performing an annealing process Wherein the gas source 
is no longer fed into the furnace or the reaction cham 
ber. 


